Purpose: Most patients with advanced pancreas cancer experience pain and must limit their daily activities because of tumor-related symptoms. To date, no treatment has had a significant impact on the disease. In early studies with gemcitabine, patients with pancreas cancer experienced an improvement in disease-related symptoms. Based on those findings, a definitive trial was performed to assess the effectiveness of gemcitabine in patients with newly diagnosed advanced pancreas cancer.
attempt a cure with surgery or radiotherapy. Systemic treatment is used for patients with widespread disease, but the impact of existing chemotherapy is negligible. Fluorouracil (5-FU) has been studied most extensively using a variety of doses and schedules, but the response rate rarely exceeds 20%, and no consistent effect on disease-related symptoms or survival has been demonstrated.7-10 Other single agents or combinations of drugs offer little improvement over single-agent 5-FU. In fact, most combination regimens just induce more toxicities for the patient. 7 8 ",11-18 Gemcitabine (difluorodeoxycytidine; dFdC) is a novel nucleoside analog that has a broad spectrum of antitumor activity in preclinical murine leukemia and solid tumor models." 9 The drug requires intracellular phosphorylation that results in the accumulation of difluorodeoxycytidine triphosphate (dFdCTP). 20 The dFdCTP competes with deoxycytidine triphosphate (dCTP) for incorporation into DNA, which in turn inhibits DNA synthesis. In addition, the drug reduces intracellular deoxynucleoside trirequired a sustained (a 4 weeks) improvement in at least one parameter without worsening in any others. Other measures of efficacy included response rate, time to progressive disease, and survival.
Results: Clinical benefit response was experienced by 23.8% of gemcitabine-treated patients compared with 4.8% of 5-FU-treated patients (P = .0022). The median survival durations were 5.65 and 4.41 months for gemcitabine-treated and 5-FU-treated patients, respectively (P = .0025). The survival rate at 12 months was 18% for gemcitabine patients and 2% for 5-FU patients. Treatment was well tolerated.
Conclusion: This study demonstrates that gemcitabine is more effective than 5-FU in alleviation of some disease-related symptoms in patients with advanced, symptomatic pancreas cancer. Gemcitabine also confers a modest survival advantage over treatment with 5-FU.
J Clin Oncol 15:2403-2413. © 1997 by American Society of Clinical Oncology. phosphate pools, presumably by inhibiting ribonucleotide reductase. 22 In a previous phase II trial, gemcitabine was administered at doses of 800 to 1,250 mg/m 2 per week to 44 patients with advanced pancreas cancer. 23 A partial response rate of 11% was observed. The median duration of response was 13 months, with 23% of patients still alive at 1 year. 23 Improvements in disease-related symptoms were reported both by responding patients and by a number of patients who had stable disease. These improvements, which were greater than expected from the objective tumor response rate, took the form of decreased pain severity and decreased requirement for opioid analgesics, increased appetite and weight gain, and improved functional status. These improvements lasted for up to 10 months. The improvement in pain, performance status, and weight in some of the patients receiving gemcitabine was encouraging.
The concept of a chemotherapy-induced, palliative effect on disease-related symptoms in patients with pancreas cancer has been only relatively recently addressed in the literature. Cullinan et al24 began to explore this concept in 1985 when they tried to quantify whether treatment with various 5-FU-containing regimens resulted in an improvement in performance status, a weight gain, or an improvement in tumor-related symptoms in patients with gastric or pancreas cancer. Their work and the work of O'Connell2s and Buroker et a1 26 indicated these parameters could be assessed as measures of clinical improvement with a particular therapy. Based on that prior work and a desire to quantitate any improvement in diseaserelated symptoms, we have developed the concept of clinical benefit as a method to assess the effect of chemotherapy. We have prospectively defined clinical benefit as a composite assessment of pain, performance status, and weight. 2 7 A patient is categorized as a clinical benefit responder when there is a sustained improvement in these parameters. Clinical benefit is measured prospectively as a primary end point in the present study. An assessment of quality of life was not used because, at the time of the design of this study, no quality-of-life instrument had been prospectively validated in patients with advanced, symptomatic pancreas cancer. However, the concept of a clinical benefit responder has also not been prospectively validated.
Because gemcitabine appeared to have some antitumor effect and possibly an even greater impact on the parameters of clinical benefit for patients with pancreas cancer, a randomized trial of gemcitabine versus the standard agent 5-FU was performed in patients with advanced pancreas cancer. This trial was performed to determine if gemcitabine provided any advantage (in terms of clinical benefit, objective response [complete or partial response], time to progressive disease, or survival) over treatment with single-agent 5-FU. Single-agent 5-FU was chosen as the control because it is both easily administered and well tolerated, and no other agent or combination of agents has proven superior to 5-FU for treatment of patients with advanced pancreas cancer.7-22 Use of a placebo as a control was not deemed acceptable by the majority of the participating investigators who designed this study. Single-agent 5-FU was used on a schedule to match that of gemcitabine at a dose judged prospectively to be equitoxic to gemcitabine and was deemed an acceptable control arm by the investigators designing the study.
PATIENTS AND METHODS

Patient Population
This randomized study included patients with a pathologic diagnosis of pancreas cancer that was locally advanced or metastatic and not amenable to curative surgical resection. Patients who had received previous chemotherapy were not eligible. Patients who had received prior irradiation could be included if the irradiated area was not the only source of measurable or assessable disease. Patients were required to have a baseline Karnofsky performance status of at least 50 and an estimated life expectancy of at least 12 weeks. An adequate baseline bone marrow reserve was necessary and defined as WBC count Ž 3,500/pL, platelet count > 100,000/gL, and hemoglobin level Ž 9.5 gm/dL. Adequate baseline hepatic function (defined as a total bilirubin level -2.0 mg/dL, AST and ALT c three times the upper limits of normal, unless the tumor involved the liver, in which case the transaminase levels could be up to five times the upper limits of normal) and adequate renal function (defined as serum creatinine concentration : 1.5 mg/dL) were also required.
The primary end point of the trial was to measure improvement in specific disease-related signs and symptoms (clinical benefit). Therefore, patients were eligible only if one or more of the following conditions held: (1) 
Patient Assignment
Signed and witnessed informed consent was obtained from each patient before entry onto the study. For 2 to 7 days before treatment started, all patients underwent a pain stabilization period. Analgesics were adjusted so that patients received morphine sulfate or hydromorphone in a fixed regimen that aimed to provide adequate pain control with no more than four supplemental doses of analgesics per day to control breakthrough pain. If patients did not tolerate these analgesics or their pain could not be stabilized, they did not proceed to the treatment part of the study. Randomization of patients with stabilized pain to treatment with either gemcitabine or 5-FU occurred immediately before starting study drug treatment and was performed at a central location. Treatment was single blind. The study drug was not blinded to the investigator, because a rash was a potential side effect of treatment with both 5-FU and gemcitabine. A rash secondary to 5-FU would indicate that a dosage adjustment with the drug could be needed (because of that toxicity), whereas a rash secondary to gemcitabine would not require a dose reduction. Although the treating physician knew whether the patient was receiving gemcitabine or 5-FU, treatment allocation was not known by the patients, who filled out their MPAC card as well as an analgesic consumption diary. In addition, performance status was assessed by two independent observers. GEMCITABINE FOR ADVANCED PANCREAS CANCER diluted in normal saline and administered intravenously over 30 minutes by an infusion pump. For the first cycle, patients received gemcitabine 1,000 mg/mn 2 once weekly for up to 7 weeks (the first cycle was terminated early if -grade 2 nonhematologic or -grade 3 hematologic toxicity occurred), followed by a week of rest. Thereafter, gemcitabine was administered once weekly for 3 consecutive weeks out of every 4 weeks. Patients experiencing toxicity of World Health Organization (WHO) grade 2 or less had subsequent gemcitabine doses escalated by 25% up to, but not exceeding, a dose of 1,250 mg/m 2 .
5-FU was supplied as an aqueous solution. It was diluted with up to an additional 50 mL of normal saline or a solution of 5% dextrose and water and administered intravenously over 30 minutes. 5-FU 600 mg/m 2 was administered once weekly, with a cycle defined as one 4-week period. Doses were adjusted or omitted for toxicity according to a defined schedule. Dose escalation of 5-FU was allowed but not implemented in any patient. Treatment with gemcitabine or 5-FU continued until there was evidence of disease progression or until there was significant clinical deterioration because of tumor-related symptoms. Patients were not allowed to receive concomitant radiation therapy, chemotherapy, hormonal therapy, or corticosteroids during the trial.
Efficacy and Safety Evaluation
Clinical benefit. The principal efficacy end point used in this study was clinical benefit as derived from measurement of three common debilitating signs or symptoms present in most patients with advanced pancreas cancer, including pain, functional impairment, and weight loss. Pain (assessed by pain intensity and analgesic consumption) and functional impairment (assessed by Karnofsky performance status) comprised the primary measures of clinical benefit. Weight change (assessed by body weight) was considered a secondary measure. Patients participated in a pain stabilization leadin period to establish base-line measures, then pain intensity was recorded daily (by the patients filling out both an MPAC card and an analgesic consumption diary). The other parameters were assessed weekly. Karnofsky performance status was assessed by two independent observers. Disease status for patients on both arms of the study was assessed every 4 weeks.
Each patient was classified as either positive, stable, or negative for each of the primary clinical benefit measures (pain or performance status) ( Table 1 ). The designation for pain integrated both the subjective report of pain intensity as well as analgesic consumption. In all cases, positive indicated a sustained (-4 weeks) improvement over baseline (Table 1) . If the patient was stable on both primary measures of clinical benefit (pain and performance status), the patient was then classified as either positive or nonpositive on the basis of the secondary clinical benefit measure of weight (Table 1) .
For patients to achieve an overall rating of positive clinical benefit response, they had to be positive for at least one parameter (pain, performance status, or weight) without being negative for any of the others (Fig 1) . This improvement had to last for at least 4 weeks. The primary measures of pain and performance status were evaluated first; a patient who was only stable on these primary measures could be classified as having achieved an overall clinical benefit response only if weight was positive. All other patients were classified as not having achieved clinical benefit response.
Other measures of efficacy. In addition to the clinical benefit measurement, objective tumor response, survival, and time to progressive disease were assessed prospectively as additional end points 2405 of the trial. A complete tumor response was defined as disappearance of all clinical evidence of tumor for a minimum of 4 weeks, during which time the patient was free of all symptoms related to cancer. Partial response was defined as -50% decrease in the sum of the products of 2 perpendicular diameters of all measurable lesions for a minimum of 4 weeks. During this time, there must have been no increase of -25% in the size of any single lesion or the appearance of any new lesion. Progressive disease was defined as an increase in the sum of the products of the diameters of measurable lesions by >-25%, the appearance of any new lesion, or a deterioration in clinical status that was consistent with disease progression. Patients who failed to meet the criteria of complete response, partial response, or progressive disease, and who remained on study for at least 8 weeks, were classified as having stable disease. Time to progressive disease was defined as the time between administration of the first dose of study drug and the time the patient was classified as having progressive disease or discontinued therapy, whichever happened earlier.
Safety. Patients were evaluated by weekly history and physical examinations, complete blood counts, chemistry profiles, and urinalyses. All signs, symptoms, or laboratory abnormalities were assessed using WHO criteria for toxicities. creases in hemoglobin, two with incorrect pathology, one with elevated creatinine, and one with ascites), 10 patients in whom pain control could not be achieved, four patients who developed other medical problems precluding their entry onto the study, and three patients who decided not to proceed with further evaluation.
Of the 126 patients who were randomized to treatment, 63 received gemcitabine and 63 received 5-FU ( Table 2 ). The two groups were well balanced for prognostic factors. Most patients had pain at entry; 43 (68%) on gemcitabine and 39 (62%) on 5-FU had a baseline pain intensity score greater than 20 points. Sixty patients (95%) in each group required more than 10 morphine-equivalent mg/d for control of pain. Similarly, most patients had an impaired performance status at entry. A Karnofsky performance status of 50 to 70 was recorded in 44 (70%) and 43 (68%) patients randomized to gemcitabine and 5-FU treatment, respectively.
Clinical Benefit
Fifteen (23.8%) gemcitabine patients and three (4.8%) 5-FU patients were classified as positive in the pain category (ie, pain intensity and/or analgesic use was reduced) and 25 (39.7%) gemcitabine patients and 38 (60.3%) 5-FU patients were classified as stable in this category (ie, both pain and analgesic use were stable) (Fig 2A) . Both pain and Karnofsky performance status improved in four gemcitabine patients, and 11 other patients taking gemcitabine had an improvement in pain with no worsening of performance status (Fig 2B) . Therefore, 15 (23.8%) gemcitabine patients were classified as clinical benefit responders by their primary measures. On the 5-FU arm, one patient had an improvement in performance status and stabilization of pain, and two patients had an improvement in pain with stabilization of performance status. An additional two patients who had an improved performance status and one with improved pain had negative scores by other parameters and, therefore, were not responders. Therefore, only three (4.8%) 5-FU patients experienced clinical benefit as assessed by their primary measures (pain and Karnofsky performance status). With regard to the secondary measure of clinical benefit, weight gain (Fig 2C) none in the 5-FU arm had a positive weight change. However, the gemcitabine-treated patient had already been categorized as a clinical benefit responder by primary measures, and thus, the number of patients experiencing a clinical benefit response with gemcitabine treatment remained at 15 (23.8%). In summary, the clinical benefit response was 23.8% for gemcitabine and 4.8% for 5-FU. This was a highly statistically significant difference (P = .0022, using the two-sided test for difference in binomial proportions). The median time to achieve a clinical benefit response was 7 weeks for the gemcitabine-treated patients (n = 15) and 3 weeks for the 5-FU-treated patients (n = 3). The mean duration of clinical benefit was 18 weeks and 13 weeks for gemcitabine-treated and 5-FU-treated patients, respectively.
Other Measures of Efficacy
At the data cutoff date, median survival was 5.65 months for gemcitabine patients and 4.41 months for 5-FU patients (Fig 3A) . The probability of surviving beyond 12 months was 18% for gemcitabine compared with 2% for 5-FU. The survival advantage for gemcitabine was highly statistically significant (log-rank test, P = .0025).
Fifty patients (79.4%) discontinued 5-FU because of progressive disease, compared with 41 patients (65.1%) who received gemcitabine. The median time to progressive disease for gemcitabine was 9 weeks compared with 4 weeks for the 5-FU arm (log-rank test, P = .0002) (Fig 3B) . Other reasons for discontinuation of assigned treatment included adverse events (nine gemcitabine patients whose reasons included ascites ; no significant differences between the two arms, P = .1264), death (two patients in each treatment group), lack of efficacy with stable disease (two patients each), clinical relapse (one patient each), satisfactory response (one patient each), and protocol interim criteria for continued treatment were not met in one 5-FU-treated patient. Six gemcitabine-treated patients and three 5-FU-treated patients chose to leave the study for personal reasons. It must be remembered that, because patients were on treatment for a longer period of time with gemcitabine (because of a lack of tumor progression) than they were with 5-FU, the opportunity for a patient to experience an adverse event (or a desire to discontinue therapy for personal reasons) was much greater for those patients on gemcitabine than for those on 5-FU. Fifty-six gemcitabine patients had bidimensionally measurable disease at study entry. Three of these patients achieved a partial response for an overall tumor response rate of 5.4%. In addition, 22 patients (39%) had stable disease. Among 57 5-FU-treated patients with measurable disease, none (0%) achieved a complete or partial response. Eleven patients (19%) had stable disease. The difference in partial response rates was not statistically significant.
Kaplan-Meier curves were plotted to compare patients with a clinical benefit response from both arms of the study with patients who had no clinical benefit response. Although this analysis was not planned before the study, it was included to explore the interaction between clinical benefit and traditional end points used in cancer clinical trials. In that analysis, patients with a clinical benefit response had a longer median survival (10.7 v 4.8 months) and time to progressive disease (3.7 v 1.6 months) than patients who did not have a clinical benefit response.
Toxicity
Both drugs were generally well tolerated throughout the study (Tables 3 and 4) . The incidence of hematologic toxicity was low. As listed in in 6.9% of gemcitabine patients and 3.3% of 5-FU patients (not statistically significant by a normalized Z-score P value of .1841). Grade 3 and 4 neutropenia was noted in 25.9% of gemcitabine patients and 4.9% of 5-FUtreated patients (P < .001 by a normalized Z-score). However, there were no serious infections in either treatment group, and grade 4 thrombocytopenia was not observed in either group. The incidence of WHO grade 3 or 4 anemia was 9.7% with gemcitabine and 0% with 5-FU. The number of patients who required RBC transfusions for either tumor-related or drug-related toxicities was 17 with gemcitabine and five with 5-FU.
As listed Table 4 , drug-related symptomatic toxicity was generally mild in both treatment groups. Grade 1 or 2 fevers were relatively common, occurring in 30.1% of gemcitabine patients and in 16.1% of 5-FU patients. Minor (grade 1 or 2) rashes were also commonly observed (gemcitabine 23.8% v 5-FU 12.9%). The incidence of grade 3 and 4 nausea/vomiting was 9.5% and 3.2% for gemcitabine compared with 4.8% and 0% for 5-FU. Hair loss was mild to moderate in all cases, and no patient experienced total alopecia.
Two patients on each arm died on treatment during the trial; all four deaths were secondary to complications of pancreas cancer.
DISCUSSION
Attempts to develop effective systemic therapies for patients with locally advanced or metastatic pancreas cancer have met with little success. 5-FU has been the most extensively studied single agent in this disease, with published objective response rates ranging from 0% to 60%. On closer examination of these trials, the highest response (5-FU, methotrexate, vincristine, and cyclophosphamide rates occurred in the oldest studies, when objective reinduction followed by maintenance 5-FU and mitomysponses were determined on the basis of decrease in hepacin), 32 was selected as the control treatment. The dose of 5-FU (600 mg/m2) was not the maximum possible for treatment of patients with pancreas cancer, but there is no evidence that either a higher dose of 5-FU or modulation with leucovorin would have been more effective. 11, 12, 17, [38] [39] [40] [41] In addition, an attempt was made in the trial design to select a dose of 5-FU that would be approximately equitoxic to the dose of gemcitabine. The weekly schedule of 5-FU was selected to allow the trial to be conducted on a singleblind basis.
A distinguishing feature of advanced-stage pancreas cancer is the high incidence of significant tumor-related symptoms.2-Although a recent prospective study 6 indicated that pain in relatively early disease might not be as common as reported in retrospective studies of patients with cancer of the pancreas, it is still a substantial problem and becomes more compelling in the advanced stages. Nausea, vomiting, anorexia, a deterioration in performance status, and weight loss are also frequent characteristics of this disease. The present trial was designed to determine how often gemcitabine controlled tumor-related symptoms and whether that control was better with gemcitabine than it was with 5-FU. The end point of clinical benefit response was created to provide a way in which the impact of therapy on tumor-related symptoms could be assessed in an unbiased, systematic, and objective fashion. Each of the clinical benefit components were validated measures (pain, performance status, and weight) and were believed to be particularly relevant outcomes in patients with pancreas cancer. The criteria established for positive change in these components, so a patient could be designated as having clinical benefit, were rigorous. Overall clinical benefit response required a sustained (at least 4 weeks) improvement in at least one component without a deterioration in any others. The criteria were defined in such a way that a positive change of this magnitude would be unexpected, given the natural history of advanced pancreas cancer, which is characterized by inexorable progression of symptoms and disability. It is important to point out that clinical benefit was not designed to be a quality-of-life instrument and that there has been no prospective evaluation of the clinical benefit parameters. However, at the time of the inception of this study, there was no disease-specific quality-of-life instrument available for patients with advanced pancreas cancer. Perhaps such a disease-specific quality-of-life instrument could have given us a way to measure both disease-related as well as drug-related symptoms. However, what was available from several investigators 24 -26 was the fact that assessment of pain, performance status, and weight had 2411 been used to measure a chemotherapy-induced palliative effect on disease-related symptoms in patients with pancreatic and other gastrointestinal malignancies. The concept of clinical benefit was built on those foundations.
In this trial, gemcitabine was superior to 5-FU in terms of the primary end point: clinical benefit response. Clinically significant and sustained improvements in pain, analgesic consumption, and/or Karnofsky performance status were observed in 23.8% of gemcitabine patients compared with 4.8% of 5-FU patients (P = .0022). The onset of clinical benefit was relatively rapid (7 weeks for gemcitabine and 3 weeks for 5-FU). The duration of clinical benefit was 18 weeks for gemcitabine-treated patients and 13 weeks for those who received 5-FU. Because this study was conducted as a single-blinded study with only the patients blinded to the agent they were receiving, it is theoretically possible that in some way a patient or patients were able to find out what agent they were receiving. All efforts in conducting good clinical research were made to assure that this would not happen. In addition, the definitions for improvement in pain and analgesic consumption that defined clinical benefit were rigorous (both in terms of degree of change and duration of change). However, the single-blinded nature of the study should be remembered as one is interpreting the clinical benefit results of the study.
In this study of symptomatic patients, survival was a secondary end point and this, too, was superior with gemcitabine. There was a 5-week improvement in median survival duration for patients treated with gemcitabine compared with those who received 5-FU (5.65 v 4.41 months), and overall survival was significantly better for the gemcitabine-treated patients (P = .0025). Given the rapidly lethal nature of this disease, the 5-week extension translates into a 28% relative improvement in median survival. In addition, the 6-, 9-, and 12-month survival rates were higher with gemcitabine (46%, 24%, and 18%, respectively) than with 5-FU (31%, 6%, and 2%, respectively). Unfortunately, however, all patients had progressed within 14 months of starting therapy and there was no survival past 19 months.
In this trial, the beneficial effects of gemcitabine on tumor-related symptoms was not negated by frequent or severe treatment-related toxicities. Overall, both treatments were very well tolerated. Symptomatic toxicity from gemcitabine was mild, with a low incidence of nausea or vomiting and alopecia. Although grade 3 and 4 myelosuppression was slightly greater with gemcitabine than 5-FU, the incidence was very low compared to most cytotoxics and was rarely associated with clinically significant events.
Despite a modest tumor response rate of only 5.4% in the gemcitabine arm and 0% in the 5-FU arm, there was a statistically significant improvement in survival for patients who received gemcitabine. We believe these data indicate that, even with computed tomographic scans, the ability to detect changes in objective disease status in patients with pancreas cancer (which translates into improved survival) may be severely compromised by a local fibrotic response as well as by inflammation in the tumor bed. The data may also reflect the fact that in patients with advanced pancreas cancer, a less than 50% decrease in measurable tumor bulk or even objectively measured stable disease after treatment still may be associated with improved survival.
While additional improvement is clearly needed, these results are encouraging. In this trial, gemcitabine-treated patients had a significantly increased rate of clinical benefit compared with patients treated with 5-FU. This is also the first time in 30 years that a new agent has produced improved overall survival when compared directly with 5-FU. In addition, all therapy was given in the outpatient setting, and toxicity associated with gemcitabine was very modest. Future efforts will focus on integrating gemcitabine into multimodality treatment regimens and evaluating the drug in patients with earlier-stage disease.
